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Introduction
The Information Systems (IS) community has had a sustained interest in education for many years. IS scholars have written about in the design and delivery of IS curricula (e.g. [64] ; [11] ; [18] ). IS scholars have investigated some of the specific challenges in teaching some of the complex and technical material that comes under the umbrella of IS (e.g. [20] ; [62] ; [43] ). IS scholars have engaged in quite a reflexive manner on the role of Information and Communication Technologies (ICTs) in higher education (e.g. [07] ; [67] ). Finally, IS scholars are involved in the design, implementation, evaluation, adoption, and use of IS to support education and training both in academia and in industry (e.g. [70] , [77] , [74] ).
The IS community's research often borrows from established learning theories in education and related disciplines. These include the objectivist model, the constructivist model, the cooperative model, the cognitive information processing model, and the sociocultural model of learning (see [69] ). For example, scholars often recognize that different learning models lead to different sorts of learning outcomes and account for some of the inconsistencies observed across IS education studies [37] . However, the IS community's main focus is usually on the technologies that can support different types of learning rather than on the pedagogical theories in themselves. For example, IS scholars have investigated the potential of the Internet and World Wide Web (WWW) to support asynchronous learning (e.g. [02]) via web-based virtual learning environments (e.g. [37] ). Later, IS scholars investigated the usefulness of group support systems in collaborative learning (e.g. [15] ; [22] ; [23] ) as well as virtual worlds for immersive education (e.g. [13] ). More recently, IS scholars have studied the useful of gamification (e.g. [42] ) and learning analytics (e.g. [3] ) in technology-mediated training and education. As we illustrate in this paper, IS education research often overlooks many of the contextual factors that have been shown to influence academic performance.
Against this backdrop, we advocate for IS education research to be undertaken using Bioecological Theory (BET). BET explains how students develop their own abilities and skills via 'proximal processes' and has be used to explain why students' engagement in these proximal processes does not always directly correlate with students' ultimate achievements in education. Over the years, a large body of empirical research supported Bronfenbrenner's propositions about the kinds of ecological factors that affect students' academic performance. Its potential value in IS stems from the fact that it encourages scholars to take account of both the complex, reciprocal and subtle interactions among each individual's biological and personal characteristics and the significant social and ecological contexts that influence development [73] . We use BET to map existing IS education research and to confirm that IS education research has paid scant attention to many factors that are known to impact upon students' academic performance through BET. IS scholars can use BET to examine the impact of features of the broader ecological systems within which our students are embedded on their academic performance.
Bioecological Theory

Introducing Bioecological Theory
Urie Bronfenbrenner is regarded as a pioneer who has made outstanding contributions in the study of the ecology of human development [65] . Bronfenbrenner was among the first theoreticians to underscore the need to take into account both the complex, reciprocal and subtle interactions among each individual's biological and personal characteristics and the significant social and ecological contexts that influence development [73] . His Bioecological Theory (BET) altered the trajectory of research in field of developmental psychology; and it led to the conduct of ecological studies of human development in various disciplines including biology, psychology, anthropology, sociology, geography and education [76] . His works have been cited more than 75,000 times according to Google Scholar.
BET holds that individuals develop and actualise their potential by engaging in their environments in what are known as proximal processes (see [56, 57] , [59] ; see also [52] ). Bronfenbrenner emphasizes the intentional and goal directed nature of an individual's interacting with and acting upon their environment as they move toward their currently adopted goal. He defines these processes as progressively more complex reciprocal interaction between an active, evolving biopsychological human organism and the persons, objects, and symbols in its immediate external environment. Bronfenbrenner explains that each individual proximal process requires "space and time and resources; it involves certain enabling structures and disabling structures; and it will require more or less effort depending on the process stage and the individual" [57] .
Bronfenbrenner [53, 54] argues that a person's development is not solely a function of their own individual traits but is the product of a constellation of psychological, cultural, social, economic and political forces. His initial work concentrated on developing a better understanding of the environment itself and he later turned his attention to the role a person plays in his or her own development. He argued that to understand an individual's development, one must examine the entire ecological system within which growth occurs and one must do so using a systems perspective [53, 54, 55] . Using the analogy of the matrioshka (Russian doll), Bronfenbrenner argued that the environment consists of a set of nested structures, each inside the next: microsystem, mesosystem, exosystem, macrosystem and chronosystem. By examining this nested structure, researchers could better understand not only the proximal (direct) effects of the immediate social and physical environment but also the distal (indirect) processes that affect the individual's development [76] .
According to Bronfenbrenner [54] :
• The microsystem is an immediate setting containing the learner (e.g., home, day care centre, classroom, etc.) A setting is defined as a place in which the occupants engage in particular activities and in particular roles (e.g., parent, teacher, pupil, etc.) for particular periods of time. The factors of place, time, activity, and role constitute the elements of a setting.
• The mesosystem comprises the interrelations among the major settings containing the learner at a point in his or her life. The mesosystem is the system of micro-systems • The exosystem is an extension of a mesosystem embracing the concrete social structures, both formal and informal, that impinge upon or encompass the immediate settings containing the learner and, thereby, influence and even determine or delimit what goes on there. These structures include the major institutions of the society, both deliberately structured and spontaneously evolving, as they operate at the local community level • The macrosystem is the overarching institution of the culture or subculture, such as the economic, social, educational, legal and political systems, of which local micro-, meso-, and exo-systems are the concrete manifestations. Such macro-systems are conceived and examined not only in structural terms but as carriers of information and ideology that, both explicitly and implicitly, endow meaning and motivation to particular agencies, social networks, roles, activities, and their interrelations • Finally, the chronosystem (see [56] ) encompasses change or consistency over time not only in the characteristics of the person but also of the environment in which the person lives (e.g. changes over the life course in family structure, socioeconomic status, employment, place of residence, or the degree of hecticness and ability in everyday life). The nature of the dynamic relation between the organism and its environment is such that over time, the external becomes internal and becomes transformed in the process [59] . However, because from the very beginning the organism begins to change its environment, the internal becomes external and becomes transformed in the process. Thus, he believed that it is critical for research designs that permit analysis of the dynamic relation between the process of change over time within the person and the process of change in the environment [55] . The original contribution of BET was its conception of the developing person, of the environment, and especially of the dynamic interaction between the two [54, p. 3] . BET inherited from biology at a time when more mainstream theories of human development inherit the experimental and reductionist models of the physical sciences [76] . More specifically, it originated in Kurt Lewin's field theory, which asserts that an individual's behaviour is a function of the person and their environment; it is also influenced by Gestalt Psychology more generally [58, pp. 41-49] . In this view, the individual as a whole person is different from the sum of their parts, and these individual parts are interdependent and interact in a dynamic fashion; this means that looking at individual elements separately from each other and separate from the person's perceptual or psychological environment produces a misleading view of the causes of human behaviour and how it can be changed [61] . It also was, as its name implies, an ecological theory. This means that it explicitly recognized organism-environment interrelatedness and that human development occurs in the midst of a vibrant, complex environment [56] . This family of theories further recognized that our everyday experience involve, and are influenced by, constant, dynamic, mutually influential interactions between different conditions and between the person and the world [72] .
The potential value of BET in IS
BET is potentially useful in IS. First, Bronfenbrenner's conceptualization of proximal processes offers some explanation of how individuals engage in particular tasks and can provide guidance as to how IS designers might design educational tasks for individual learners. Bronfenbrenner's work underscores the progressive nature of proximal processes, (i.e. that the complexity of proximal processes can increase over time), the fact that particular resources must be available to individuals to enter into these proximal processes, and that in order to understand an individual's development, one must examine the entire ecological system within which growth occurs.
Second, education scholars outside IS have long understood that students' academic performance is influenced by a range of contextual factors that are beyond their own immediate environment. Within IS, however, research on students' academic performance tends to overlook these factors. BET can be used in IS to address this gap. IS scholars can use BET to examine the impact of features of the broader ecological systems within which our students are embedded on their academic performance. BET is especially well suited to this task because it is based on a conception of not only the developing person or the environment (immediate and distal) within which they are based but also on the dynamic interaction between the two -this is its unique and compelling characteristic.
Finally, Bronfenbrenner's framework is comprehensive and well supported by multiple empirical studies carried out over decades. As we illustrate in this paper, it can effectively be used to map IS education research and to identify important gaps for future research.
Research Design
Our aim in this study was to evaluate existing IS education research using the lens of Bronfenbrenner's theoretical framework [54] . Our first step was to adapt Bronfenbrenner's framework to suit IS research (see table 1 ). The framework posits that the ecological components of human development consist of five nested and interrelated structures; i.e. microsystem, mesosystem, exosystem, macrosystem and chronosystem. We developed a set of operational definitions of each ecological component of the framework that we could use to review the IS education literature. We carried out a systematic literature review (SLR). An SLR is a distinct research method used to aggregate evidence (see [68] ). It addresses a clearly formulated question and uses systematic and explicit methods to identify publications, select publications relevant to the question critically appraise the publications analyse the data reported in the relevant publications report the combined results from relevant publications. As such, the method is designed to bring the same level of rigour to reviewing research evidence as should be used in producing that research evidence in the first place. The procedure we followed is based on recommendations set out in [66] and is as follows: and 2018 to identify those studies that reported on academic performance (various keywords were used; specifically, 'performance', 'outcomes', 'achievement', 'success'). (3) Review the titles and abstracts of these studies (n=86) using pre-specified inclusion and exclusion criteria to eliminate those studies that either (a) did not concern higher education, (b) were concerned with retention and completion rather than achievement, (c) did not present findings regarding the factors affecting academic performance, or (d) did not provide an adequate account of the empirical methods used to generate findings (4) Analyse the remaining studies (n=50) using an adaptation of Bronfenbrenner's initial research to both map and review the literature [54] . The strength of this systematic approach is that it can be replicated at any stage in the future to trace the evolution of research in this area over time. At the same time, whilst time constraints have necessarily limited the scope of this search, the same procedure can be replicated by future researchers with the capacity to conduct a broader search across a greater number of databases. Table 2 summarises research published in leading IS and HE journals between 1996 and 2018 regarding the factors known to impact academic performance (see also Appendix A). The table summarizes (i) whether each study was carried out in a qualitative, quantitative or mixed methods mode, (ii) whether each study was student-centric or faculty-centric, (iii) the scope of the dataset used in the study, and (iv) which ecological components of achievement in higher education were assessed in the study.
Results
x Table 2 . Reviewing the ecological components of academic achievement in IS and HE research ISD2018 SWEDEN Students' academic performance is a topic of enduring importance in both the IS and HE journals we examined between 1996 and 2018. There has been a steady stream of publications since 2013. Prior to that, a burst of publications in 2007 was preceded by an absence of publications in 2004, 2005, and 2006 ; and a burst of publications in 2002 was preceded by an absence of publications in 1998, 1999, and 2000. In total, we found thirty-two articles in the three HE journals (twenty-six of those had been published by Studies in Higher Education) and eighteen articles in the eight IS journals that met our search criteria. Space limits preclude an in-depth discussion of the fifty articles. Instead, the remainder of this section summarizes the results of our analysis of the dataset overall.
Overall, we found that the studies in the sample focus primarily on the individual and the institution within which that individual is embedded. Most studies focus specifically on individual student attributes (n=14) or specifically on features of the microsystem (n=10) or on a combination of individual and microsystem attributes (n=17). These studies often investigate the impact of individual (i.e. student) factors on academic performance. These factors include student demographics, such as age (e.g. [5] , [40] ) and gender (e.g. [40] ), prior academic achievement (e.g. [17] , [21] ), subjective experience of the learning environment (e.g. [25] , [26] , [33] ) and supports (e.g. [35] ), as well as behavioural approaches to higher education (e.g. [30] , [32] , [48] ) -especially surface versus deep learning (e.g. [12] , [41] , [50] ). The mesosystem was examined in two studies ([06] and [07]). The exosystem was examined in two studies ( [14] and [16] ). The macrosystem was examined in one study ([06] ). This study was interesting as it investigated the impact of students' parents' education on their educational experiences and achievements. Finally, the chronosystem was examined in just two studies ([09] and [29] ). These studies both investigated the impact of going on placement on students' subsequent academic achievements.
Methodologically, we found that most studies rely on quantitative techniques applied to large data sets, with very little variation across research methods used -very rarely to researchers investigate multiple variables and when they did, they generally failed to investigate any interplay that might take place between these variables over time. These studies therefore do no reveal any great insight into the dynamics of academic achievement over time and are not particularly helpful in seeking to understand the totality of an individual's situation and its impact on their development (see [61] ).
There were several differences in the IS and HE articles in terms of the topics covered and also the methods and datasets used. First, the IS articles focused on two main topics: the design and delivery of the IS curriculum within the broader context of business education, and the development and use of new types of learning technologies. The HE articles, on the other hand, were far more specifically focused on predicting and explaining students' academic achievement and on issues related to grading practices within and across disciplines. Second, the IS articles featured a mix of qualitative and quantitative approaches as well as a mix of faculty-centric and student-centric studies. However, a significant proportion of the IS articles used module-specific data which can pose issues related to generalizability (i.e. the data was unique to individual modules within individual programmes within individual universities). Our first thought was that perhaps the qualitative IS articles were module specific but a closer inspection revealed that this was not the case. Instead, it was those articles that focused on specific learning technologies that tended to rely on module-specific data gathered during design science and action research studies and then analysed quantitatively. On the other hand, all of the HE articles in our sample used quantitative methods and were student-centric in nature. The majority of the HE articles we sampled used datasets that spanned modules and programmes and universities.
Discussion and conclusion
Bronfenbrenner has made an enduring contribution to our understanding of the interplay between the biological and ecological factors that impact upon human development. Bronfenbrenner's BET provides a powerful lens through which a more holistic understanding of human development can be seen; an understanding of human development that takes the interrelatedness of individual, physical, sociohistorical and cultural aspects into account. Indeed, Bronfenbrenner is credited with bringing attention to contextual variation in human development and with increasing the ecological validity of studies of developing individuals in their natural environment [63] .
Though he has had a substantial impact beyond IS, his work does not appear to be well known in IS or in HE research. In this short paper, we present the results of a systematic literature review of IS and HE research published in the past two decades carried out from a Bronfenbrennerian perspective. The analysis reveals that a great deal is known about the factors that affect academic achievement in IS and in HE, particularly regarding the role of the individual's own characteristics in shaping academic outcomes. However, when examined through the lens of Bronfenbrenner's work, it becomes clear that the literature has tended to focus primarily on the individual (or the microsystem) and to analyse one or possibly two factors at most, relying heavily on quantitative techniques applied to large data sets in doing so, and demonstrating very little variation across research methods. Many factors that have been shown to potentially influence academic achievement in other disciplines where Bronfenbrenner's work is more well-known have not yet been examined in IS or in business education, particularly those that exist beyond the confines of the microsystem.
Going forward, IS researchers can use Bronfenbrenner's work to better understand our students' engagement with the IS curriculum and with higher education more generally. In particular, Bronfenbrenner's conceptualization of proximal processes offers some explanation of how individuals engage in particular tasks and can provide guidance as to how IS designers might design educational tasks for individual learners. In addition, his work on the contextual factors that influence individuals' academic performance should inform the design of IT artifacts that support students' learning processes in higher education. Emerging learning technologies afford educators and researchers new opportunities to better understand and optimise the dynamics of academic achievement over time, perhaps to a point of being able to predict student success [51] . In particular, IS researchers are developing new learning technologies to enhance students' engagement with the IS curriculum and in higher education more generally (e.g. [13] , [42] ) and are using emerging learning analytics tools and techniques to monitor and respond to what Bronfenbrenner would call individual students' proximal processes (e.g. [03]). These tools and technologies can afford a fine-grained understanding of students' proximal processes and deliver fresh insights into the dynamics of academic achievement over time. But in the meantime, IS scholars should ask whether these tools are developmentally disruptive or developmentally generative. We also want to encourage more IS scholars to follow in the footsteps of scholars who are investigating the impact of meso-, exo-, macro-and chronosystems on students' experiences with IS and with higher education more generally.
